We present a scheme to produce an entangled four-photon W-state by using linear optical elements. The symmetrical setup of linear optical elements consists of four beam splitters, four polarization beam splitters and four mirrors. A photon EPR-pair and two single photons are required as the input modes. The projection on the W-state can be made by a fourphoton coincidence measurement. Further, we show that by means of a horizontally oriented polarizer in front of one detector the W-state of three photons can be generated. [20] . An experimental realization of GHZ-states by means of three or four photons was experimentally observed and used to verify quantum
Entanglement is one of the most striking features of quantum mechanics. Entangled state of two or more particles not only provides the possibilities to test quantum mechanics against local hidden theory [1, 2] , but also have practical applications in quantum information processing, such as quantum cryptography [3] , quantum dense coding [4] and quantum teleportation [5] . Since the GHZ state was introduced to test quantum nonlocality without inequality [8] , there has been much interest in the investigation of multiparticle entangled state for more useful applications [8, 9, 10, 11] . In Ref [12] , it was shown that there exist two inequivalent classes of three-qubits entangled states, namely the GHZ class and the W class. These two classes are inequivalent because states from one cannot be obtained from the states of the other by local operation and classical communication. Another key difference is that a single-particle trace of the GHZ state result in a maximally mixed state compared with a nonmaximally mixed result for the W state [12] . In Ref [13] , the W state has been used to realize the teleportation of an unknown state probability. Recently a different set of Bell inequality is considered with the purpose of illustrating some difference between the violation of local realism exhibited by the GHZ and W state [14] . More recently, it is shown that the correlation between two qubits selected from a trio prepared in a W state violate the Clauser-Horne-Shimony-Holt inequality more than the correlation between two qubits in any quantum state [15] . In recent experiment, complementary measurement also reveal difference between the GHZ and W state [16] Experiments with entangled photons open a broad field of research. Entangled photon states can be used to test Bell's inequality [17] or to implement quantum information protocols for quantum teleportation [18] , quantum dense coding [19] and quantum cryptography [20] . An experimental realization of GHZ-states by means of three or four photons was experimentally observed and used to verify quantum nonlocality [22, 23, 24] . Following the scheme of efficient quantum computation with linear optics [25] , a feasible linear optical scheme [26] was proposed to produce entangled N-photon states via linear optical elements. The incentive to produce entangled states of spin-s objects (S > 1/2) increased significantly in the context of quantum communication and quantum information processing [27, 28] . A scheme was proposed [29] to generate an entangled four-photon state, which is equivalent to two maximally entangled spin-1 particles. Drummond [30] demonstrated the violation of the Bell inequality by this kind of multi-photon states. Experimental realization of spin-1 entangled state have been reported [31] . In this paper, our aim is to propose a scheme to generate a W-state
of four photons by means of linear optical elements, which is realizable experimentally.
We use an EPR-source Ψ EP R in order to generate two entangled branches of the symmetric experimental setup. These two branches are denoted by the mode 1 and the mode 2. Two single-photon sources are injected in order to generate an entangled fourphoton state. A four-photon coincidence detection projects this state on the W-state. The scheme is based on post-selection strategy, which has been used to demonstrate quantum information processing and generate multi-photon GHZ state [18] - [24] In the following we present a detailed analysis of the proposed scheme. The experimental setup is shown in Figure 1 . The EPR-source generates the input state
In order to inject two further photons in this arrangement of linear optical devices we use two single-photon sources: Ψ e = |H e and Ψ f = |H f . These single-photon input modes e and f are horizontally polarized. The experimental setup required for the two-photon injection consists of four polarization beam splitters P BS i , two beam splitter BS j and four mirrors. Since polarization beam splitter transmit the horizontal polarization and reflect vertical polarization, the two polarization beam splitters P BS 1 and P BS 2 transform the EPR-state Ψ EP R into
Notice, that the modes b and d pass through the beam splitters BS 1 and BS 2 , and that each of these beam splitters is connected with one of the single-photon input modes. The result of the two-photon injection at the beam splitters BS 1 and BS 2 is
The reflectance sin θ and the transmittance cos θ of these beam splitters are the same, since the same angle θ is chosen. This coefficient will be determined later. This fourphoton state interacts with the two polarization beam splitters P BS 3 and P BS 4 . The horizontal polarization is transmitted and the vertical polarization is reflected. This method of a two-photon injection on the EPR-modes 1 and 2 results in the four-photon state
This expression shows the generated four-photon state explicitly in terms of the input modes (1, 2, e, f ). In order to perform a projection on the W-state a four-photon coincidence detection is needed. This can be done by splitting the branches 1 and 2 separately by the beam splitters BS 3 and BS 4 .
Since we consider only those terms, which correspond to a 4-photon coincidence detection (one photon in each of the four beams), The other terms Ψ other of this quantum state don't contribute to the event which we are considering. Thus the state of the system is projected with probability cos 2 θ sin 4 θ/2 into the W-state
The probability attains it's maximal value 2/27, if the transmittance of the beam splitter is cos θ = 1/ √ 3. If a polarizer with horizontal orientation is used in front of detector 1 the four-photon coincidence detection projects into the three-photon state
Now we consider the experimental realization of the present scheme. Firstly we demonstrate that the requirement for two single-photon sources and one two-photon EPRstate source can be realized using technology presently. In the experiment [23] , two separate polarization entangled photon state are generated via type-II down conversion pumped by a laser field. We will show that a modification of the scheme illustrated in [23] can be used to prepare two single-photon sources and one two-photon EPR-state source. The output light of a pulsed laser with angular frequency ω 0 is divided into two by a beam splitter. Transmitted and reflected parts of the light are frequency doubled in a nonlinear crystal. Transmitted pulses of the frequency 2ω 0 is used to pump a type-II phase-matched parametric down conversion crystal arranged to emit polarization entangled photon state into the two modes with different polarization shown in Ref [32] . Reflected pulses of the frequency 2ω 0 is used to pump a type-I phase-matched parametric down conversion crystal arranged to produce down converted photon pairs in to into the two modes with same polarization shown in Ref [33] , in which a two photon interference effect has been observed. Another requirement of the present scheme is four-photon coincidence detection. such multi photon coincidence have been realized and used for the preparation of multi-photon entangled state [23] . Therefore, based on technology presently, the present scheme might be realizable.
In conclusion, a scheme is presented to produce entangled W-states of four photons based on linear optical devices and a four-photons coincidence detection. Further on we proposed a modification of this symmetric scheme by adding one horizontal oriented polarizer in front of detector D 1 . Such multi-photon states may play a crucial role in fundamental tests of quantum mechanics versus local realism and in many quantum information and quantum computation schemes.
